Introduction
Flavonoids, a subgroup of polyphenolic compounds, are generated in plants, common fruits, vegetables, tea, wine, etc. In recent decades, flavonoids have widely been used in many biological activities, including cardiovascular diseases, cancers or age-related disorders. 1 Due to the variety of activities, the impacts of flavonoids have widely been considered on various biological processes. 2, 3 Further, flavonoids can form chelates with the metal ions, which may change their antioxidant activity and biological effects. 4 Quercetin (Qu), as shown in Fig. 1 , is one of the most common bioactive and dietary flavonoids, which can be found in the flowers, leaves, and fruits of many plants. 5 Qu can form complexes with transition metal ions, such as Cu 2+ , Mn 2+ , Fe 2+ , etc. Among them, the stability of QuCu(II) complex is reported to be the highest. 5 Cu(II) is one of the most abundant trace minerals in the human body. In the blood, it can often act as a cofactor for angiogenesis. 6 In some recent researches, it has been established that naturally occurring polyphenols can prevent the emergence of angiogenesis. Further, the catalytic role of transition metal ions such as Fe(III) and Cu(II) is well-known in the formation of hydroxyl radical (•OH) via metal-catalyzed Haber-Weiss reaction or Fenton reaction. Metal ion chelation by flavonoids is known to inhibit the aforementioned oxidative damage caused by metal ions. Also, the biological activities such as anti-oxidant effect, anti-bacterial and various kinds of enzymatic functions of free flavonoids get affected as a result of the complex formation. 7, 8 Therefore, it is important to understand the effect of Cu(II) on the interactions between flavonoids and SAs. According to available literature, Qu-metal complexes seem to produce better biological activities than the bare Qu itself.
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Stern-Volmer equation (Eg. 2). 24, 25 
Where, F 0 and F are respectively the fluorescence intensities before and after the addition of the quencher; k q is the bimolecular quenching constant; and τ 0 is the lifetime of the fluorophore in the absence of the quencher.
[Q] is the concentration of the quencher and K sv is the Stern-Volmer quenching constant. Hence, Eq. (2) was used to determine the K sv value from the linear regression plot of F 0 /F against [Q] . The results were also analyzed by the modified Stern-Volmer equation given as Eq. (3).
Where, ΔF=F 0 -F; f a is the fraction of fluorophore accessible to the quencher.
For the simultaneous static and dynamic quenching Eq. 4 and Eq. 5 are used.
Where, K S and K D denote the static and dynamic quenching constant, respectively.
Binding constants
Binding parameters are helpful in the study of pharmacokinetics. Calculation of binding constant by different authors can be performed utilizing Eqs. (6), (7) and (8).
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Eq. (8) Where, k b is the binding constant and n is the number of binding sites per protein molecule.
Circular dichroism measurement
The CD analysis is a well-known method to estimate the fraction of a biomolecule (e.g., protein) that is in α-helix, β-sheet conformation, beta-turn, and random coil conformation. The CD spectrum of HSA exhibits two negative bands: one at ̴ 208 and another at ̴ 222 nm, typical of a α-helix structure of the protein. When the binding of a molecule to HSA leads to a decrease in negative ellipticity at all wavelengths of the far-UV CD without any remarkable shift of the peaks, it indicates changes in the protein secondary structure, as well as a decrease in the α-helical content of the protein. The percentage of the proteins in the blood plasma. [9] [10] [11] It carries most of the exogenous and endogenous compounds. The higher conformational adaptability of bovine serum albumin (BSA) and human serum albumin (HAS) to the ligands attracts the researchers to study the ligand-serum albumin interactions. [12] [13] [14] It has been found that free flavonoids were less active than their metal complexes, in large part because metal-flavonoid has greater biological efficacy than free flavonoids. [15] [16] [17] [18] Additionally, metal ions can bind with SAs 19 and its complexity can influence the binding affinities of other compounds. It has also been reported that in the interaction between SAs and a drug molecule, such as flavonoids, 20, 21 vitamins, 22 the presence of a metal ion can change the binding constant values between drugs and SAs. Due to the widespread use of Qu, it is worthwhile to review the result of this flavonoid-albumin complex formation inferred through various techniques to understand the details of the interaction mechanism at the molecular level.
Technical aspects of the interaction of quercetin and its Cu(II) complex with SAs
UV-vis spectroscopy UV-vis spectroscopy is the simplest analytical method used for the quantitative estimation of different analytes and biological macromolecules. When complexation takes place between biological macromolecules with any ligand/ analyte, the association constant of the complex formation can be estimated by the equation (Eq. 1).
Where, is the extinction coefficient, the subscripts b, f, and T denote bound, free and total ligand, respectively. L T is the total Qu or Qu-Cu(II) complex concentration and ∆A is the change in absorbance at a particular wavelength. The association constant (K a ) of complex formation can be obtained from the ratio of the intercept to the slope of a double reciprocal plot of absorbance change against SA concentration.
Fluorescence quenching
Fluorescence quenching of SA can be described by the 
Mondal and Bose
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Where, MRE 208 is the observed mean residue ellipticity (MRE) value at 208 nm, 4000 is the MRE of the betaform and random coil conformation cross at 208 nm, and 33 000 is the MRE value of the pure α-helix at 208 nm.
Thermodynamic parameter calculation
The interaction between a drug and a biomolecule generally involve various forces, including hydrophobic forces, electrostatic interactions, van der Waals interactions, and hydrogen bonds. Thermodynamic parameters such as free energy changes (ΔG In order to elucidate the interaction of a molecule with BSA, the thermodynamic parameters can be calculated from Eqs. (10), (11) and (12) . If the temperature does not vary significantly, the enthalpy change (ΔH 
Where, R denotes the gas constant, ΔH 0 is enthalpy change, ΔS 0 is entropy change, K b is the binding constants at the experiment temperature Tly.
According to the literature, the following pattern can be deduced. 30 • ΔH 0 > 0 and ΔS 0 > 0 indicates the hydrophobic interaction, • ΔH 0 < 0 and ΔS 0 < 0 indicates the hydrogen bonding and van der Waals interactions, and • ΔH 0 < 0 and ΔS 0 > 0 indicates the electrostatic interactions.
Docking studies
To confirm the binding site and explain the relationship between the structure of the interacting molecule and the function of a protein from a theoretical viewpoint, docking can be used as a helpful tool.
Interaction of Quercetin and its Cu(II) complex with SAs

UV-Vis studies
Being an efficient tool to observe the ground state interaction of proteins with drugs, UV-Vis spectroscopy is often utilized by researchers. Roy et al and Zhang et al have exploited this tool to observe the ground state interaction of Qu and its Cu(II) complex with SAs but in a different manner. 7, 31 Roy et al 7 synthesized the Qu-Cu(II) complex and observed the effect of the addition of the complex on the absorption spectra of SAs, while Zhang et al 31 have observed the changes in the absorption spectra of BSA (incubating with or without Cu) with increasing amounts of Qu. It has been reported that Qu can exhibit two absorption maxima in the UV-vis spectra, including (i) at ~261 nm (Benzoyl ring A) and (ii) at ~376 nm (cinnamoyl ring B). According to Roy et al, the Qu-Cu(II) synthesized complex can exhibit an absorbance peak at 438 nm (due to strong π-π * transition) and with the addition of SAs intensity of the absorption peak decreases with a blue shift due to the increase in energy gap between the π-π * electronic levels. 7, 32, 33 However, in contrast, when SAs were added to free Qu, a red-shift from 376 nm to 400 nm with a decrease in the absorbance intensity can be observed. Hence, a difference in the interaction mode can be discerned. According to Zhang et al, 31 with the gradual addition of Qu (in the absence of Cu(II)), the absorption of BSA (280 nm) as well as the characteristic peak of Qu (376 nm) gradually increased. Slight blue shift of the peak at 280 nm was observed, which was explained as an evidence of ground state complex formation between BSA and Qu. Similar observation was also found in the presence of Cu(II), however, the intensity around 376 nm totally disappeared while a new absorption peak appeared at 328 nm, which can symbolize the formation of Qu-Cu(II) complex. 34 Thus, from their observations, it is evident that a complexation between Qu and BSA can occur.
Fluorescence spectroscopic studies: quenching, binding, and thermodynamic parameters Both HSA and BSA exhibit similar kind of fluorescence emission based on excitation at 295 nm due to the presence of tryptophan residue (Trp 214 in HSA and Trp 134/Trp 213 in BSA). 7 The fluorescence of BSA/HSA was observed to be quenched in the presence of both Qu and its Cu(II) complex. In the opinion of Roy et al, the addition of Qu-Cu(II) complex to SAs resulted in a non-linear Stern-Volmer plot which can symbolize the simultaneous occurrence of static and dynamic quenching process. However, the authors have ruled out the possibility of dynamic quenching by evaluating the higher value of bimolecular quenching constant (k q ). 24 The values of K SV and k q have given in Table 1 . Additionally Roy et al have observed the effect of temperature on the binding of QuCu(II) with SAs. With the increase in temperature, the binding constant values were found to increase (Table 2) while the fraction accessibility (f a ) decreased. Thus, the protein structure was concluded to be less accessible to the complex on heating.
On the other hand, Zhang et al conducted their experiments in a different manner by adding Cu(II) into the BSA solution first, and then, Qu was added into that same solution. According to them, in the absence of Cu(II), the quenching of BSA fluorescence occurred with a slight blue shift with the addition of Qu. This observation was indicative of hydrophobic interactions, which occurred mainly via hydrogen bonds. The above observations were also supported by Xiao and coworkers. Based on their findings, the hydroxyl groups of Qu played an important role in the binding of Qu to BSA due to the formation of hydrogen bonding between Qu and the polar groups at the BSA surface. 35, 36 They have also considered the double bond between C2 and C3 position of Qu to influence the binding affinity of Qu to BSA. The involvement of hydrophobic interactions was also confirmed by Roy et al with the help of thermodynamic parameters (Table 2) .
Next, Zhang et al reported that, in the absence and presence of Cu(II), the nature of quenching plots was the same but the values of quenching constant (K sv ) were different. In both cases, the involved quenching mechanism(s) was predicted to be static with the help of k q values (Table 3) . A similar observation was also found by Roy et al as mentioned above. Further, the presence of Cu(II) somehow increased the K SV value probably due to a competitive binding effect of Qu and Cu(II) with BSA or a conformational change of BSA or may be complex formation between Qu with Cu(II) ion. Hence, the Cu(II) ion was found to play a major role in the binding of Qu with BSA. Zhang and his co-workers also established that the presence of Cu(II) decreased the binding affinity of Qu to BSA which has the capability to enhance the biological activity of Qu (Table 4) . 31 In the experiments conducted by Roy et al, ΔG 0 values were similar for both BSA and HSA ( 7, 37, 38 According to the available literature, Qu binds to site 1 (subdomain IIA) which is the hydrophobic site of BSA and HSA. 39 Hence, it was concluded that like Qu, the Qu-Cu(II) complex also binds to the hydrophobic site 1 (subdomain IIA) of BSA/HSA. 7, 40 Circular dichroism studies The typical CD spectra of both BSA and HSA generally shows two negative bands at ~208 nm and ~220 nm, which are attributed to the α-helix structure of proteins. Roy et al observed that in the far UV CD spectra, the band intensity slightly increased without any significant peak shift when Qu or Qu-Cu(II) complex were made to interact with HSA/BSA. Additionally, the α-helical content of both the SAs changed when it was bound with Qu-Cu(II) complex, but for BSA the change was to some extent greater than that of HSA. This study indicated the conformational change in the SAs while interacting with Qu and QuCu(II) complex. In the experiment carried out by Zhang et al, the percentage α-helical content of BSA decreased in the presence of Cu(II) with respect to only BSA. 31 In contrast, the degree of change of α-helical content in the presence of Cu(II) had a greater effect than in the absence of Cu(II). Hence, Qu and Cu(II) were found to change the secondary structure of BSA.
Site-specific and docking studies
The binding interaction of Qu and Qu-Cu(II) complex with SAs were also verified using the docking study. Roy et al confirmed that both Qu and its Cu(II) complex can bind to the hydrophobic pocket (subdomain IIA) of SAs. Anti-oxidant studies Though very few reports are available on the anti-oxidant behavior of Qu-Cu(II) complex, some authors have found that the radical scavenging activity of Qu-Cu(II) complex was greater than that of free Qu. [41] [42] [43] According to the authors, in the case of Qu-Cu(II) complex, the Cu(II) binds with the aforesaid oxygen atoms of 3′ and 4′ position. This newly formed metal center provided extra scavenging activity by stabilizing the semiquinone complex formed after H-abstraction from Qu-Cu(II) complex.
Conclusions
Flavonoids are naturally occurring compounds that exhibit various biological and pharmacological potentials. The biological behaviors of flavonoids are known to alter in the presence of metal ions. In most of the cases, the metal-flavonoid complexes being more anti-oxidant than that of free flavonoids. In recent years, many researchers are interested to introduce different flavonoids as potent metal chelating agents to inhibit metal-induced free radical generation. In this study, we have focused on the interaction of Qu and its Cu(II) complex with serum albumins (BSA and HSA) and the effect of metal ion chelation on the anti-oxidant activity of Qu.
The binding affinity of BSA with Qu was found to decrease significantly in the presence of Cu(II) due to the bulkiness of Qu-Cu(II). But a group of researchers found that with an increase in temperature, the binding affinity was remarkably increased in the case of both BSA and HAS (Table 5 ). The thermodynamic parameter indicated that the interaction of Qu-Cu(II) complex with both BSA and HSA are hydrophobic in nature but in the case of Qu, nature of the interaction was hydrophobic as well as electrostatic in nature. The site-marker and molecular docking analysis confirmed that both Qu and Qu-Cu(II) complex binds to the Trp-214 of HSA and Trp-213 of What is new here? √ We have prepared a detailed review on interaction of quercetin and its Cu(II) complex with SA's. √ Quercetin and its Cu(II) complex binds with serum albumin and the binding affinity of quercetin-Cu(II) complex is greater than that of bare quercetin. √ The radical scavenging activity of quercetin increases when its binds with Cu(II).
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BSA which is located at the site I of subdomain IIA of the proteins. The CD spectra revealed that the secondary structure of BSA was altered in the presence of Qu and Qu-Cu(II) complex. Thus, the aforementioned results reveal the different interacting nature of Qu and QuCu(II) complex with serum albumins which may affect their roles in the biological system. Further, Qu can be introduced as an excellent Cu(II) chelating agent so as to inhibit Cu(II) induced •OH generation and the overall complex will also behave as a potential anti-oxidant agent. Taken all, Qu can be introduced as an anti-angiogenesis drug, which may reduce the concentration of Cu(II) in the blood by forming a chelate complex and it may also show some unique biological properties that can be utilized in the pharmaceutical industry.
